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(1) $u\in M$ $r\in R$ $[u, r]=ur-ru$
(2) $X\subseteq M$ $Y\subseteq R$ $[X, Y]=\{[x, y]|x\in X, y\in Y\}$
(3) $[X, Y]_{0}=X$ , $[X, Y]_{p+1}=[[X, Y]_{p}, Y](p\in N)$
$K$ $K$ K-Alg $A\in$ K-Alg $A$
$M$ $[M, K]=0$ (A)
1. Sweedler
1.1 $A\in K$-Alg, $p\in \mathbb{N}$ $M\in \mathfrak{M}(A)$
$C_{A}^{p}(M)=\{u\in M|[u, A]_{p}=0\}$
$\mathfrak{M}(A)$ $f$ : $Marrow N$ $f(C_{A}^{p}(M))\subseteq C_{A}^{p}(N)$
$C_{A}^{p}$ : $\mathfrak{M}(A)arrow K$-Mod
$C_{A}^{1}(M)=\{u\in M|[u, A]=0\}$ $M$
$*$
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1.2 $A\in K$-Alg, $p\in N$ $A\otimes_{K}A\in \mathfrak{M}(A)$ $[1\otimes 1, A]_{p}$
$A$ $U_{A}^{p}$ $\mathcal{J}_{A}^{p}=(A\otimes_{K}A)/U_{A}^{p}$ $j_{A}^{p}=1\otimes 1+U_{A}^{p}\in \mathcal{J}_{A}^{p}$
1.3 $A\in K$-Alg, $p\in \mathbb{N}$ $C_{A}^{p}$ $(\mathcal{J}_{A}^{p}, j_{A}^{p})$
$M\in \mathfrak{M}(A)$ $Hom_{\mathfrak{M}(A)}(\mathcal{J}_{A}^{p}, M)\ni\varphi\mapsto\varphi(j_{A}^{p})\in C_{A}^{p}(M)$
$p=1$ $(\mathcal{J}_{A}^{1}, j_{A}^{1})\simeq(A, 1)$ $A$
$f$ : $\mathcal{J}_{A}^{1}arrow A$ $f(j_{A}^{1})=1$
$(\mathcal{J}_{A}^{p}, j_{A}^{p})$
1.4 $A=K[X_{1}, \ldots, X_{r}],$ $B=K[X_{1}, \ldots, X_{r}, Y_{1}, \ldots, Y_{r}]$ $B$
$I=(X_{1}-Y_{1}, \ldots, X_{r}-Y_{\Gamma})$ $\mathfrak{M}(A)$ $B-M_{0}d$
$M\in \mathfrak{M}(A)$ $C_{A}^{p}(M)=\{u\in M|I^{p}u=0\}$ $\mathcal{J}_{A}^{p}=B/I^{p}$
$\mathcal{J}_{A}^{p}$ Sweedler [10]
1.5 ([10, Definition 1.1]) $A\in K$-Alg, $p\in \mathbb{N},$ $M,$ $N\in A$-Mod
$\mathcal{D}_{A}^{p}(M, N)=C_{A}^{p+1}(Hom_{K}(M, N))$
$\mathcal{D}_{A}^{p}(M, N)$ $p$
$\mathcal{D}_{A}^{p}$ : $(A-Mod)^{op}\cross(A-Mod)arrow K$-Mod
1.6 ([10, Theorems 1.17 and 1.18])
$N\in A$-Mod
$A\in$ K-Alg, $p\in \mathbb{N}$ $M$ ,
$\Phi$ : $Hom_{A}(\mathcal{J}_{A}^{p+1}\otimes_{A}M, N)arrow \mathcal{D}_{A}^{p}(M, N)$
$\Phi(\varphi)(u)=\varphi(j_{A}^{p+1}\otimes u)$ $\Phi$
. $Hom_{A}(\mathcal{J}_{A}^{p+1}\otimes_{A}M, N)arrow Hom_{\mathfrak{M}(A)}(\mathcal{J}_{A}^{p+1},$ $Hom_{K}(M, N))$
$p+1$ 13 $\Phi$
$\mathcal{D}_{A}^{p}(M, N)$ $A$
$M$ ( ) 15 ([2], [8],




16 $\mathcal{J}_{A}^{p}$ $\mathcal{D}_{A}^{p}$ $C_{A}^{p}$
Sweedler
$\mathcal{J}_{A}^{p}$ $\mathcal{J}_{A}^{P}$ $[j_{A}^{p}, A]$
$A$ [10] Hattori [1]
[3], [4], [5], [6]
2.
2.1 [10, Definition 1.20] $A\in K$-Alg $U_{A}^{2}=U_{A}^{1}$ $A$
[5]
2.2 [5, Theorem 2.4]
2.3 [10, Theorem 1.21 $(a)$ ] $A\in K$-Alg
(1) $A$
(2) $U_{A}^{p}=U_{A}^{1}$ $2\leq p\in \mathbb{N}$
(3) $U_{A}^{p}=U_{A}^{1}$ $1\leq p\in N$
(4) $(\mathcal{J}_{A}^{2}, j_{A}^{2})\simeq(A, 1)$
(5) $(\mathcal{J}_{A}^{p}, j_{A}^{p})\simeq(A, 1)$ $2\leq p\in \mathbb{N}$
(6) $(\mathcal{J}_{A}^{p}, j_{A}^{p})\simeq(A, 1)$ $1\leq p\in N$
(7) $\mathcal{D}_{A}^{1}=Hom_{A}$
(8) $\mathcal{D}_{A}^{p}=Hom_{A}$ $1\leq p\in N$





(3) $C_{A}^{p}=C_{A}^{1}$ $2\leq p\in N$
(4) $C_{A}^{p}=C_{A}^{1}$ $1\leq p\in N$
(5) $j_{A}^{2}\in C_{A}^{1}(\mathcal{J}_{A}^{2})$
(6) $i_{A}^{p}\in C_{A}^{1}(\mathcal{J}_{A}^{p})$ $2\leq p\in \mathbb{N}$
(7) $j_{A}^{p}\in C_{A}^{1}(\mathcal{J}_{A}^{p})$ $p\in N$
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25 $A$ $M\in \mathfrak{M}(A)$ 1 $\leq p\in N$
$A[M, A]_{p}=A[M, A]$




3.1 $A=(A_{1}, \ldots, A_{n})\in(K-Alg)^{n}$ $\hat{A}=A_{1}\otimes_{K}\cdots\otimes_{K}A_{n}$
3.2 $A=(A_{1}, \ldots, A_{n})\in(K-Alg)^{n},$ $p=(p_{1}, \ldots, p_{n})\in N^{n}$
$M\in \mathfrak{M}(\hat{A})$
$C_{A}^{p}(M)=\{u\in M|[\cdots[[u, A_{1}]_{p\text{ }}, A_{2}]_{p_{2}}, \cdots, A_{n}]_{p_{n}}=0\}$
$\mathfrak{M}(\hat{A})$ $f$ : $Marrow N$ $f(C_{A}^{p}(M))\subseteq C_{A}^{p}(N)$
$C_{A}^{p}$ : $\mathfrak{M}(\hat{A})arrow K$-Mod
3.3 $A=(A_{1}, \ldots, A_{n})\in(K-Alg)^{n},$ $p=(p_{1}, \ldots, p_{n})\in N^{n}$ $\hat{A}\otimes_{K}\hat{A}$
$[\cdots[[1\otimes 1, A_{1}]_{p_{1}}, A_{2}]_{p_{2}}, \cdots, A_{n}]_{p_{n}}$ $U_{A}^{p}$
$\mathcal{J}_{A}^{p}=(\hat{A}\otimes_{K}\hat{A})/U_{A}^{p}$ $j_{A}^{p}=1\otimes 1+U_{A}^{p}\in \mathcal{J}_{A}^{p}$
3.4 $A\in(K-Alg)^{n},$ $p\in \mathbb{N}^{n}$ $C_{A}^{p}$ $(\mathcal{J}_{A}^{p}, j_{A}^{p})$
35 1 $A=(K[X_{1}], \ldots, K[X_{n}])$ $p=(p_{1}, \ldots, p_{n})\in$
$N^{n}$ $B=K[X_{1}, \ldots, X_{n}, Y_{1}, \ldots, Y_{n}]$ $(X_{1}-Y_{1})^{p_{1}}\cdots(X_{n}-Y_{n})^{p_{n}}$
$I_{p}$ $\hat{A}=K[X_{1}, \ldots , X_{n}]$ $\mathfrak{M}(\hat{A})$ B-Mod
$M\in \mathfrak{M}(\hat{A})$ $C_{A}^{p}(M)=\{u\in M|I_{p}u=0\}$
$J_{A}^{p}$ $=$ B/
3.6 $A\in(K-Alg)^{n},$ $p\in N^{n}$ $M,$ $N\in\hat{A}$-Mod
$\mathcal{D}_{A}^{p}(M, N)=C_{A}^{p}(Hom_{K}(M, N))$
$\mathcal{D}_{A}^{p}(M, N)$ $p$
$\mathcal{D}_{A}^{p}$ : $(\hat{A}-Mod)^{op}\cross(\hat{A}-Mod)arrow K$ -Mod
$n=1$ $p$ 15 $p-1$
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$n=2$ $A=(R, R^{op})\in$ (K-Alg)2 $R^{op}$ $R$
$R$ derivation $\mathcal{D}_{A}^{(1,1)}(R, R)$ 1 $0$
$p\in N^{2}$ $\mathcal{D}_{A}^{p}(R, R)$
derivation $n=1$ derivation
derivation
37 $A\in(K-Alg)^{n},$ $p\in N^{n}$ $M,$ $N\in\hat{A}$-Mod






4.1 $A=(A_{1}, \ldots, A_{n})\in(K-Alg)^{n}$ $M\in \mathfrak{M}(\hat{A})$
$C_{A}(M)= \sum_{i=1}^{n}C_{A_{t}}^{1}(M)$
$C_{A}$ : $\mathfrak{M}(\hat{A})arrow K$-Mod
4.2 $I=(1, \ldots, 1)\in \mathbb{N}^{n}$
4.3 $A\in(K-Alg)^{n}$ $j_{A}^{I}\in C_{A}(\mathcal{J}_{A}^{I})$ $A$
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44 $A=(A_{1}, \ldots, A_{n})\in(K-Alg)^{n}$ $A_{1},$ $\ldots,$ $A_{n}$ $A$




46 $A=(A_{1}, \ldots, A_{n})\in(K-Alg)^{n}$ $M,$ $N\in\hat{A}$-Mod
$Hom_{A}(M, N)=\sum_{i=1}^{n}Hom_{A_{i}}(M, N)$
$Hom_{A}$ : $(\hat{A}-Mod)^{op}\cross$ ( $\hat{A}$-Mod) $arrow K$-Mod
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